To compare the diagnostic performance of MRI and integrated PET/CT for the preoperative detection of peritoneal carcinomatosis arising from primary ovarian cancer. Materials and Methods: Twenty-three patients with suspected ovarian tumors underwent a contrast-enhanced 1.5 Tesla MRI and a 18F-fluorodeoxyglucose (FDG) PET/CT prior to surgery. The peritoneal cavity was subdivided into six specific sites for a lesion-based analysis. The imaging findings were compared statistically with the histopathological findings using McNemar's test with Bonferroni's adjustment and generalized estimation equations.
Epithelial ovarian cancer is the most common gynecological malignancy and the ninth most frequent cause of cancer-related death in women. In South Korea, an estimated 1,334 new cases of ovarian cancer per year were diagnosed from 1999 to 2002, along with an estimated 717 deaths in 2006 (1, 2) . For ovarian cancer, 75% of patients present with advanced disease (stage III or IV) and in 60% of patients, the cancer spread exceeds the pelvis (3) . In addition to the infiltration of the neighboring organs and invasion of the lymph and blood vessels, secondary dissemination of tumor cells following the path of peritoneal fluid, is also characteristic of advanced ovarian carcinoma (4, 5) .
The presence of a peritoneal tumor alters tumor staging and has implications for primary treatment and patient outcome. Peritoneal seeding is one of the most important prognostic indicators in ovarian cancer (6) . In patients with advanced ovarian cancer, CT or magnetic resonance imaging (MRI) may be used to detect peritoneal implants greater than 1-2 cm at critical unresectable sites and can thus predict suboptimal cytoreduction (7) . The results of the detection for peritoneal seeding using CT or MRI have been reported to have accuracies ranging from 82-95% (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) . Some studies have shown that MRI is more sensitive than CT to predict peritoneal seeding due to the high spatial resolution between the enhancing peritoneum and adjacent structures (10, 11, 17) .
The role of the use of PET in ovarian cancer has not yet been defined. Some investigations have shown that the use of PET does not improve the diagnostic accuracy, while others have shown that PET can supplement the information obtained by CT and MRI (19) (20) (21) (22) (23) . Some recent studies have demonstrated that for peritoneal carcinomatosis, the use of combined PET and CT may play an important role in the clinical management of patients (24, 25) . However, to the best of our knowledge, there are few reports that have examined a comparison of the use of MRI and integrated PET/CT to predict the presence of peritoneal carcinomatosis resulting from primary ovarian cancer (26) .
The purpose of this study was to compare the use of MRI versus the integrated PET/CT for the preoperative prediction of peritoneal carcinomatosis arising from ovarian cancer.
Materials and Methods

Study Population
Between March 2003 and January 2006, a total of 253 patients underwent a staging laparotomy with tumor debulking. Of these patients, 198 underwent a preoperative MRI examination alone, whereas 32 underwent a preoperative PET/CT examination alone. A total of 23 patients (mean age, 60 1.8 years; age range, 34-79 years) underwent both fluorodeoxyglucose (FDG) PET/CT and MRI, and were enrolled in this study. The interval between the two studies was less than four weeks. For all patients the presence or absence of peritoneal carcinomatosis was established with the use of a staging laparotomy in accordance with the International Federation of Obstetrics and Gynecology surgical staging system for ovarian cancer. Staging laparotomies in all 23 patients were performed by two gynecologic surgeons. The interval between the staging laparotomy and MRI examination ranged from 5 to 30 days (mean: 22 days). Moreover, the interval between the staging laparotomy and PET/CT examination ranged from 10 to 27 days (mean: 18 days). Of the 23 patients with malignant ovarian cancer, 17 had stage III (stage IIIb, n = 6; stage IIIc, n = 11) and two had stage IV with peritoneal carcinomatosis. The remaining four patients did not have peritoneal carcinomatosis (stage IIa, n = 2; stage IIb, n = 2).
All cases of peritoneal spread were confirmed by surgical findings and a histological view of the omentectomy, as well as debulking. A final histopathological analysis of the ovarian cancer identified 20 serous adenocarcinomas, two endometrioid adenocarcinomas, and one mixed epithelial tumor. Our institutional review board approved this study and waived the patient informed consent, as the study was a retrospective analysis.
MR Imaging Protocol
MRI was performed on all 23 patients using a 1.5-Tesla MR system (Signa; GE Medical Systems, Milwaukee, WI U.S.A.) with a phased array or body coil. The phased array was used for pelvic imaging and the body coil was used for abdominal imaging. However, the body coil alone was used for imaging the pelvis and abdomen in the presence of a mass larger than 15 cm in diameter or for a patient with severe obesity or ascites. All of the patients were requested to fast for at least six hours before MR imaging and were ad-ministered 20 mg of butyl scopolamine (Buscopan, Boehringer Ingelheim, Ingelheim am Rhein, Germany) intramuscularly before the MR imaging (unless the use of the drug was contraindicated). No bowel preparation or oral contrast material was administered.
The pelvis was imaged with an axial fast spin-echo T2-weighted sequence (5,000-6,000/102-126 repetition time msec/echo time msec) with an echo train length of 16, a 5-7 mm section thickness and a 0-2.5 mm intersection gap. The matrix was 512-256 256 with the two signals acquired. This sequence was repeated in the coronal and sagittal planes. Next, an axial T1-weighted spin-echo sequence (600-800/11-20) with a spatial resolution similar to that of the T2-weighted sequence was performed. The T1-weighted sequence was repeated with and without fat suppression after the administration of a bolus injection of gadopentetate dimeglumine (Magnevist, Schering, Berlin, Germany) at a rate of 2 mL/s and a dose level of 0.1 mmol/kg body weight using a power injector.
The remainder of the abdomen and pelvis was imaged with a delayed post-contrast axial T2-weighted fast spinecho sequence and an axial T1-weighted spin-echo sequence, with and without fat-suppression. The T2-weighted sequence (4,000/102-126) had an echo train length of 16, an 8-10 mm section thickness, and a 1.0-2.5 mm gap. The matrix measured 256 192 with two to four signals acquired. This sequence was repeated in the coronal and sagittal planes. The T1-weighted sequence (400-600/11-20) had an 8-10 mm section thickness and a 2 mm gap. The matrix was 256 128-192 with two signals being acquired.
FDG PET/CT
Twenty-three patients underwent an integrated PET/CT examination. All of the patients fasted for at least six hours before, although oral hydration with glucose-free water was allowed. After ensuring a normal blood glucose level in the peripheral blood, the patients received an intravenous injection of 260-485 MBq of 18F-FDG and then rested for approximately 45 min before undergoing imaging. Image acquisition was performed using an integrated PET/CT device (Discovery LS; GE Healthcare) consisting of an Advance NXi PET scanner and an 8-slice Light Speed Plus CT scanner. The axes of both systems were mechanically aligned so that shifting the examination table by 68 cm moved the patient from the CT gantry into the PET gantry. The resulting PET and CT images were co-registered on hardware.
The CT was performed from the head to the pelvic floor utilizing a standardized protocol consisting of 140 kV, 80 mA, a tube-rotation time of 0.5 sec/rotation, a pitch of 6 and a section thickness of 5 mm, which matched the PET image section thickness. The patients were in normal shallow respiration during the acquisition of the CT scans and no contrast material was administered. Immediately after the CT, the PET was performed in the identical axial field of view. The acquisition time for PET was 5 minutes per table position. The CT data was resized from a 512 512 matrix to a 128 128 matrix to match the PET data; thus allowing the images to be fused and CT transmission maps to be generated. The PET image datasets were reconstructed iteratively using the ordered-subsets expectation maximization algorithm. The attenuation correction (2 iterations, 28 subsets) was measured using the CT data. The co-registered images were displayed using the eNTEGRA software (GE Healthcare).
Image Analysis
The analysis of the MR and integrated PET/CT images was performed retrospectively without any knowledge of the pathological results, serum CA-125 levels, or the results of other imaging examinations. Two genitourinary radiologists (B.K.P. and C.K.K.) assessed the MR images of the abdomen and pelvis in consensus. The PET/CT images were assed by a nuclear medicine physician (J.Y.C.).
In a patient-based analysis for the presence or absence of peritoneal seeding, the results of the MRI and PET/CT were compared with the histopathological findings following the laparotomies.
For a lesion-based analysis, the peritoneum was divided into six different sites: a) pelvis, b) anterior parietal peritoneum, c) paracolic gutters, d) subphrenic, perihepatic or perisplenic space, e) mesentery and f) omentum.
The diagnostic criteria for peritoneal seeding detected by MRI included: 1) peritoneal implants along the peritoneal cavity, 2) fat or nodular soft-tissue infiltration or bulky pancake-like tumors in the mesentery and greater omentum and 3) irregularly nodular thickening along the mesenteric side of bowel wall (9, 11, 26) . Neither ascites alone nor the presence of abdominal or pelvic lymphadenopathy was considered to be peritoneal carcinomatosis.
For the integrated PET/CT, when an abnormal FDG uptake was detected, the precise anatomic location was indicated on the CT scan. As for the integrated PET/CT images, the entire peritoneum, including the six specific sites, were evaluated for the presence or absence of a tumor. The diagnosis of peritoneal seeding was considered when an abnormal focal uptake observed on the PET images corresponded to an abnormal soft-tissue mass; or an irregularly nodular thickening in the peritoneum of the abdomen and pelvis was detected on CT images (24, 27) . Without the findings of abnormal soft-tissue or irregularly nodular thickening in the peritoneum on CT images, peritoneal uptake on the PET images was considered to be negative for peritoneal seeding.
After the MRI and PET/CT findings were independently analyzed, the operative notes and histopathological findings were reviewed, and the presence or absence of peritoneal seedings was recorded in six different sites of the peritoneum, based on the histopathological results. For the lesion-based analysis, the results of the MRI and PET/CT were compared with the histopathological findings.
Statistical Analysis
The sensitivity, specificity, accuracy, positive predictive value (PPV), and negative predictive value (NPV) for peritoneal carcinomatosis from ovarian cancer were evaluated in 23 patients using MRI and integrated PET/CT. For the patient-based and lesion-based sensitivity and specificity, a comparison between the integrated PET/CT and MRI to diagnose peritoneal carcinomatosis resulting from ovarian cancer was performed using McNemar's test with a Bonferroni correction. A p-value of less than 0.0083 was considered to indicate a statistically significant difference.
The accuracy values of each reading session for the 138 sites of the 23 patients were analyzed by way of generalized estimation equations to account for clustering effects from multiple measurements in the same patient. P-values less than 0.05 were considered statistically significant. Two-tailed tests were used to calculate all P-values. The statistical analysis was performed using the SAS software (version 8; SAS Institute, Cary, NC U.S.A.).
Results
The presence of peritoneal carcinomatosis was histopathologically confirmed in 19 (83%) of 23 patients after primary debulking surgery. Eighty-three (60%) of the 138 sites had histopathologically peritoneal seedings [pelvis (n = 19), paracolic gutters (n = 19), anterior parietal peritoneum (n = 5), subphrenic/perihepatic/ perisplenic (n = 19), mesentery (n = 2) and omentum (n = 19)]. Table 1 shows the patient-based diagnostic accuracy of predicting peritoneal carcinomatosis in 23 patients with ovarian cancer for the integrated PET/CT and contrast-enhanced MRI. The patient-based sensitivity and accuracy for the MRI were 95% and 87% (p > 0.05), while the patient-based sensitivity and accuracy for the PET/CT were 84% and 78% (p > 0.05), respectively. Table 2 shows the lesion-based diagnostic results for the detection of peritoneal carcinomatosis in the 138 sites from the 23 patients. The sensitivity of MRI was superior to the sensitivity of integrated PET/CT (p = 0.004) (Fig. 1, 2) . Overall, the accuracy of MRI was slightly higher than the accuracy of integrated PET/CT, although not statistically significant (p > 0.05). The specificity of integrated PET/CT was higher than the specificity of MRI, but again not statistically significant (p > 0.05).
Of the false-positive cases for the lesion-based analysis, 9 of them used the integrated PET/CT (Fig. 3) . The sites included the anterior parietal peritoneum (n = 3), pelvis (n = 2), paracolic gutters (n = 2) and mesentery (n = 2). Similarly, 13 false-positive cases were observed for the MRI. The sites included the paracolic gutters (n = 5), mesentery (n = 3), anterior parietal peritoneum (n = 3) and pelvis (n = 2).
Discussion
Peritoneal carcinomatosis is the malignant seeding of the peritoneum. It most commonly arises from the ovaries, colon, stomach and pancreas (28, 29) . In ovarian cancer, peritoneal seeding is the most common pathway for the spread to other parts of the body. As 90% of ovarian cancers are surface epithelial carcinomas, the tumor cells can slough off the ovary and enter the peritoneal circulation to seed multiple sites (30) . The intraperitoneal circulation of peritoneal fluid is the main channel directing intraperitoneal seeding. The negative pressure present under the diaphragm along with the increased capillary forces at the dome of the liver quite commonly create metastatic deposits on the liver surface (4). Peritoneal implants are often low in volume and occur in the form of soft tissue masses that appear as solitary or multiple nodules. The nodules can coalesce to form a plaque that coats the viscera. The large omental plaques, referred to as omental cakes (31) right hemi-diaphragm, liver, right paracolic gutter, bowel, omentum and pelvis (15) .
Currently, CT is the primary modality employed for the diagnosis and follow-up of peritoneal carcinomatosis resulting from ovarian cancer. The use of spiral CT has shown a sensitivity of 85-93% and a specificity of 91-96% for the prediction of peritoneal seeding from ovary cancer (12) . The advent of the multidetector CT (MDCT) has the potential to improve the CT evaluation of the local extension of the disease. In effect, coronal or sagittal reformatted images facilitate the detection of small lesions, and with fewer artifacts (31) . However, until now, there is no published data on the detection of peritoneal seeding using MDCT.
Although CT is the primary modality used to evaluate an ovarian cancer metastasis, MR imaging has a staging accuracy similar to that of the spiral CT (11). Tempany et al. (11) showed that the sensitivity and specificity of a peritoneal metastasis from ovarian cancer performing the contrast-enhanced MRI were 95% and 80%, respectively, compared to the spiral CT which had a sensitivity and specificity of 92% and 82%, respectively. For the advanced stages of ovarian cancer, MRI and spiral CT showed a similar level of accuracy for the determination of the location, distribution and size of the peritoneal seeding. However, in the study, the investigators sug- gested that the use of MRI could improve the visualization of small or equivocal peritoneal implants compared to the spiral CT. Low et al (10) reported that the use of double-contrast MRI revealed more peritoneal implants than the spiral CT or unenhanced MRI. In particular, tumors 1 cm in diameter were better detected using the double-contrast MR imaging.
In comparison to CT and MRI, diagnoses with FDG PET are made based on functional rather than morphological criteria. The role of whole body FDG PET in the diagnosis and staging of primary ovarian tumors is still a matter of debatel. Early studies have shown sensitivities and specificities of 83-86% and 54-86%, respectively (32, 33) . A recent study has demonstrated that the routine use of FDG PET is unsuitable as a diagnostic imaging procedure for lesion characterization, evaluation of the extent of the disease and the relationship with the adjacent organs (34). More recently, several studies examining the detection of peritoneal carcinomatosis by PET have demonstrated that the use of combined PET and CT showed a sensitivity of 67-78% and a PPV of 92-95% (24, 25) .
To the best of our knowledge, no reports have compared the use of integrated PET/CT with MRI for the preoperative depiction of peritoneal carcinomatosis from primary ovarian cancer. In the present study, the lesion-based analysis revealed that the sensitivity of MRI was superior to that of the integrated PET/CT (p = 0.004), while the specificity of the integrated PET/CT was superior to that of MRI (p > 0.05). The overall accu- C. An axial integrated PET/CT image shows a focus of increased uptake localized to the soft-tissue lesion in the right lower quadrant (arrow), which represents the presence of a metastatic lesion. However, an axial T2-weighted image (D) shows no abnormal soft-tissue lesion in the right lower quadrant. A normal-appearing cecum (arrow) is seen. During the debulking surgery, no abnormal soft-tissue implant in the right lower quadrant was found. Hence, the focus of increased FDG activity in the right lower quadrant on the integrated PET/CT imaging was normal physiological FDG uptake. racy of MRI and integrated PET/CT was similar. For the patient-based results of this study, the use of MRI showed a higher sensitivity and accuracy than PET/CT. However, the difference was not statistically significant.
For the present study, the lesion-based analysis of the, the false-positive rate of integrated PET/CT and MRI was 16% and 24%, respectively, whereas for the falsepositive findings of the integrated PET/CT, we suggest that low tissue contrast among the internal organs was a cause of the false-positives. In particular, our study indicated that the use of the unenhanced CT may only result in a difficulty to differentiate between physiological uptake of FDG and uptake of FDG by a tumor. For the false-positive cases detected with MRI, 62% (8/13) were located in the paracolic gutters and mesentery, which may be difficult to determine if irregular peritoneal thickening or mesenteric infiltration demonstrates peritoneal seeding or not. In addition, abdominal MR imaging was performed using a breath-hold, however many patients with advanced ovarian cancer might have some difficulty in breath-holding; thus resulting in motion artifacts. Furthermore, many patients with ovarian cancer had massive ascites, which may lead to artifacts. In turn, these artifacts may be a cause of the false-positive findings detected on MRI.
One limitation of this study was that the ability of MRI to detect peritoneal carcinomatosis from primary ovarian cancer in terms of the size of the peritoneal nodule or mass was not compared with that of PET. The size of peritoneal implants is very important for the determination of treatment planning or cytoreduction. Peritoneal implants measuring 2 cm or greater can be debulked with surgery. Attempts to surgically debulk sub-optimal implants (< 2 cm) result in a long-term survival rate below 10% (35, 36) . A large prospective study including an analysis of the size of the peritoneal implants will be needed to evaluate accurately peritoneal carcinomatosis from ovarian cancer. Another limitation was that in all patients, an unenhanced CT was used for integrated PET/CT imaging. In a future study, a comparison between the use of integrated PET/CT imaging using contrast-enhanced CT and MRI should be performed for the prediction of peritoneal carcinomatosis. Finally, the number of patients in the study group was very small and the analysis of this study was retrospective.
In conclusion, MRI was more sensitive than integrated PET/CT in the preoperative prediction of the presence of peritoneal carcinomatosis resulting from ovarian cancer. However, the overall accuracy between the two modalities was not significantly different.
